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(54) LIGHT-MODULATING ELEMENT AND PROJECTION DISPLAY 

(57) Liquid crystal modulation elements 925R, 
925G and 925B are arranged so that light outgoing sur- 
faces 9252R, 9252G and 9252B thereof face light inci- 
dent surfaces 911 R, 91 1G and 911b of a color 
synthesizing prism 910. Transparent plates 970R, 970G 
and 970B are bonded to the light outgoing surfaces 
9252R, 9252G and 9252B of the liquid crystal modula- 
tion elements 925R, 925G, and 925B. For this reason, 
adhesion of dust to the light outgoing surfaces 9252R, 
9252G and 9252B of the liquid crystal modulation ele- 
ments 925R, 925G and 925B can be prevented. Fur- 
ther, it is possible to prevent light reflection at the 
interface surface between the light outgoing surfaces 
9252R, 9252G and 9252B and air due to the difference 
in refractive index therebetween. This allows a high- 
quality image to be projected without deteriorating the 
switching characteristic of the liquid crystal modulation 
elements 925R, 925G and 925B while preventing dirt 
from adhering to the light outgoing surfaces 9252 R, 
9252G and 9252B of the liquid crystal modulation ele- 
ments 925R, 925G and 925B. 
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1 EP0 916 

Description 

Technical Field 

[0001] The present invention relates to an optical s 
modulation element and a projection display device. 
More particularly, the present invention relates to a lay- 
out structure of optical elements on the periphery of an 
optical modulation element that modulates a light flux 
according to image information. 10 

Background Art 

[0002] A projection display device basically consists of 
a light source lamp unit, an optical unit for optically 75 
processing a light flux emitted from the light source 
lamp unit so as to synthesize a color image correspond- 
ing to image information, a projection lens unit for 
enlarging and projecting the synthesized light flux onto 
a screen, a power supply unit, and a circuit substrate on 20 
which a control circuit and the like are mounted. 
[0003] Fig. 1 7 schematically shows the construction of 
the optical unit and the projection lens unit of the above- 
mentioned components. As shown in this drawing, an 
optical system of an optical unit 9a includes a lamp body 25 
81 serving as a light source, a color separation optical 
system 924 for separating a light flux W emitted from 
the lamp body 81 into respective color light fluxes R. G 
and B of the primary colors of red (R), green (G) and 
blue (B), three sheets of liquid crystal modulation ele- 30 
ments 925R, 925G and 925B for modulating the sepa- 
rated respective color light fluxes according to image 
information, and a color synthesizing prism 910 in the 
shape of a prism with a square cross section to synthe- 
size the modulated color light fluxes. The light flux W 35 
emitted from the lamp body 81 is separated into respec- 
tive color light fluxes R, G and B by the color separation 
optical system 924 including various types of dichroic 
mirrors, and the red and green light fluxes R and G of 
the respective color light fluxes are emitted from outgo- 40 
ing sections provided in the color separation optical sys- 
tem 924 towards corresponding liquid crystal 
modulation elements 925R and 925G. The blue light 
flux B is guided to the corresponding liquid crystal mod- 
ulation element 925B via a light guide system 927, and 45 
is emitted from an outgoing section provided in the light 
guide system 927 towards the corresponding liquid 
crystal modulation element 925B. 
[0004] As shown in Figs. 17(B) and 17(C) in enlarge- 
ment, in the optical unit 9a, polarizers 960R, 960G and so 
960B are respectively arranged on the side of incident 
surfaces of the liquid crystal modulation elements 925R, 
925G and 925B so that they unify the planes of polari- 
zation of the respective color light fluxes to be incident 
on the liquid crystal modulation elements 925R, 925G 55 
and 925B. In addition, polarizers 961 R, 961 G and 961 B 
are respectively arranged on the side of outgoing sur- 
faces of the liquid crystal modulation elements 925R, 
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925G and 925B so that they unify the planes of polari- 
zation of the modulated color fluxes to be incident on 
the color synthesizing prism 910. The actions of these 
polarizers allow an enlarged image excellent in contrast 
to be projected onto the surface of a screen 10. Of the 
two polarizers that sandwich the liquid crystal modula- 
tion elements 925R, 925G and 925B, the polarizers 
961 R, 961G and 961 B positioned on the side of the out- 
going surfaces of the liquid crystal modulation elements 
925R, 925G and 925B are bonded to the light outgoing 
surfaces of the liquid crystal modulation elements. 

[0005] Incidentally, as the liquid crystal modulation 
elements 925R, 925G and 925B, an active matrix-type 
liquid crystal device is generally used, in which pixels 
arranged in the form of a matrix are controlled by a 
switching element. 

[0006] Here, in order to improve the contrast of an 
image enlarged and projected onto the screen 10, it is 
effective to bond a polarizer, which has high selection 
properties with respect to polarized light, to the light out- 
going surface of each of the liquid crystal modulation 
elements 925R, 925G and 925B. However, such a 
polarizer having high selection properties absorbs much 
light and therefore, generates much heat. Inside the 
projection display device mentioned above, an air flow is 
formed as shown in Fig. 17(C) and cools the polarizer. 
However, since the polarizer is directly attached to the 
light outgoing surface of the liquid crystal modulation 
element, heat is apt to be transmitted to the liquid crys- 
tal modulation element, and to thereby increase the 
temperature of the liquid crystal modulation element. 
This increase in temperature deteriorates the optical 
properties of a liquid crystal panel, and the image con- 
trast 

[0007] Thus, it may be possible to arrange the polar- 
izer apart from the light outgoing surface of the liquid 
crystal modulation element. However, if the polarizer is 
simply arranged apart from the light outgoing surface, 
there is a fear that the switching element in the liquid 
crystal modulation element may malfunction due to a 
light beam reflected by the light outgoing surface of the 
liquid crystal modulation element. In addition, there is a 
fear that dust or the like may be caused by an air flow 
formed inside the projection display device to adhere to 
the light outgoing surface of the liquid crystal modula- 
tion element, and it may make high-quality image pro- 
jection impossible. 

[0008] In view of the above-described points, an 
object of the present invention is to provide an optical 
modulation element and a projection display device that 
achieve high-quality image projection by preventing 
dust from adhering to the light outgoing surface of the 
optical modulation element without deteriorating the 
switching characteristic of the optical modulation ele- 
ment. 
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Disclosure of Invention 

[0009] In order to achieve the above-described object, 
there is provided an optical modulation element for 
modulating a light flux emitted from a light source 
according to image information, wherein a transparent 
plate is provided on at least one surface thereof, and the 
space between the transparent plate and the optical 
modulation element is shielded from the outside by a 
dust-preventing member. 

[0010] In such an optical modulation element, heat 
generated by a polarizer to be transmitted to the optical 
modulation element can be further reduced. In addition, 
since the space between the transparent plate and the 
optical modulation element is shielded from the outside 
by the dust-preventing member, dust does not enter the 
space. For this reason, negative effects, such as the 
light flux emitted from the optical modulation element 
being scattered by dust, can be solved. 
[0011] The dust-preventing member may preferably 
be formed of resin containing glass fiber. In this case, it 
is possible to restrict linear expansion, to prevent move- 
ment of the optical modulation element, and to maintain 
a constant temperature and a uniform in-plane temper- 
ature distribution of the optical modulation element. 
[0012] On the other hand, the dust-preventing mem- 
ber may be made of metal. This makes it possible to 
improve the heat dissipation effect. In particular, when a 
polarizer is bonded to the transparent plate, it is prefer- 
able that the dust-preventing member be made of metal 
because heat is generated with the absorption of light 
by the polarizer. 

[0013] In the optical modulation element of the 
present invention, it is also possible to bond the polar- 
izer to the transparent plate. This prevents dust from 
entering between the polarizer and the transparent 
plate. For this reason, negative effects, such as the light 
flux emitted from the optical modulation element being 
scattered by dust, can be prevented more effectively. 
[001 4] In addition, in the optical modulation element of 
the present invention, at least one surface of the trans- 
parent plate may preferably be coated with a surface- 
active agent, or treated for electrostatic protection. This 
makes it possible to prevent dust from adhering to the 
transparent plate. 

[0015] A projection display device of the present 
invention may be constructed in which a transparent 
plate is provided on the side of a light outgoing surface 
of the optical modulation element, and the space 
between the transparent plate and the light outgoing 
surface of the optical modulation element is shielded 
from the outside by a dust-preventing member. 
[0016] When the polarizer is arranged on the side of 
the light outgoing surface of the transparent plate, since 
the transparent plate and an air layer exist between the 
optical modulation element and the polarizer, heat gen- 
erated by a polarizer to be transmitted to the optical 
modulation element can be further reduced. In addition, 



since the space between the transparent plate and the 
optical modulation element is shielded from the outside 
by the dust-preventing member, dust does not enter the 
space. For this reason, negative effects, such as the 
5 light flux emitted from the optical modulation element 
being scattered by dust, can be solved. 

[0017] As the dust-preventing member, a member 
having a frame body for holding the optical modulation 
element and the transparent plate, and a light outgoing- 

w side outer frame detachably fixed to the light outgoing 
side of the frame body may be used. In the case of 
using such a dust-preventing member, the frame body 
may be provided with a light incident contact surface 
which contacts a part of the light incident surface of the 

75 optical modulation element, an optical modulation ele- 
ment side contact surface contacts the side surface of 
the optical modulation element, and a transparent plate 
side contact surface which contacts the side surface of 
the transparent plate. In addition, the light outgoing-side 

20 outer frame may be provided with a pressure surface 
that can press a part of the light outgoing surface of the 
transparent plate towards the frame body. 
[0018] This allows the optical modulation element to 
come into contact with the light incident contact surface 

25 and the optical modulation element contact surface pro- 
vided on the frame body, thereby being arranged in a 
predetermined position on the frame body. In addition 
the position of the transparent plate relative to the frame 
body and the optical modulation element is defined by 

30 the transparent plate contact surface and a spacer pro- 
vided on the frame body. Therefore, if the light outgoing- 
side outer frame is fixed to the frame body after the opti- 
cal modulation element, spacer and transparent plate 
have been superposed in this order, the light outgoing 

35 surface of the transparent plate is pressed by the pres- 
sure surface of the light outgoing-side outer frame 
towards the frame body side, so that the optical modula- 
tion element, spacer and transparent plate can be held 
by the frame body and the light outgoing-side outer 

40 frame, and at the same time, arrangement thereof in 
relation to one another can be maintained. 
[001 9] If the optical modulation element, the transpar- 
ent plate and the like are fixed to the frame body using 
an adhesive, replacement thereof requires much labor. 

45 For example, after the optical modulation element and 
the transparent plate are separated from the frame 
body, a step of cleaning the adhesive adhering thereto 
is required. 

[0020] In contrast, if the dust-preventing member such 
so as described above is used, the light outgoing-side 
outer frame may merely be removed at the time of 
replacement of components, so that operability of 
rework can be improved. 

[0021] It is desirable that a guide surface for putting a 
55 roller on the light outgoing surface of the optical modu- 
lation element and moving the roller in one direction is 
provided on the frame body. An antireflection film (AR 
film) may be bonded to the light outgoing surface of the 
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optica! modulation element for the purpose of improving 
the light utilizing efficiency. In such a case, if the roller is 
moved along the guide surface with the AR film placed 
on the light outgoing surface of the optical modulation 
element, the AR film can be easily bonded to the light 
outgoing surface of the optical modulation element. 

[0022] In addition, since the guide surface is formed 
and the roller can be easily moved, it is easy to elimi- 
nate air bubbles generated between the light outgoing 
surface of the optical modulation element and the AR 
film. When replacing the AR film to which dust is 
adhered, the light outgoing-side outer frame is removed 
from the frame body and the transparent plate and the 
spacer are removed from the frame body. Thereafter, 
the AR film to which dust is adhered is separated from 
the light outgoing surface of the optical modulation ele- 
ment, and a new AR film is bonded with the use of the 
guide surface as described above while moving the 
roller. After the renewal of the AR film, the spacer and 
the transparent plate are superposed on the optical 
modulation element and the light outgoing-side outer 
frame is fixed to the frame body. The AR film can be 
easily renewed by using the dust-preventing member 
having the frame body on which the guide surface is 
formed. 

[0023] In such a projection display device of the 
present invention, at least one surface of the transpar- 
ent plate may be coated with an antreflection film, 
whereby light reflected from the transparent plate to the 
optical modulation element can be eliminated as 
described above, and switching characteristic of the 
optical modulation element can be maintained more 
excellently. 

[0024] As the optical modulation element, either of 
transmissive or reflective optical modulation element 
may be used. When the transmissive optical modulation 
element is used, the transparent plate (light incident- 
side transparent plate) may desirably be provided not 
only on the side of the light outgoing surface, but also on 
the side of the light incident surface thereof and further, 
the space between the transparent plate provided on 
the side of the light incident surface and the light inci- 
dent surface of the optical modulation element may 
desirably be shielded from the outside by the dust-pre- 
venting member. 

[0025] When the transmissive optical modulation ele- 
ment is used and the transparent plate is provided on 
the side of the light incident surface thereof, a bonded 
light outgoing surface contacting a part of the light out- 
going surface of the transparent plate on the side of the 
light incident surface and a transparent side contact sur- 
face contacting the side surface of the light incident-side 
transparent plate may be provided on the frame body of 
the dust-preventing member. In addition, a light inci- 
dent-side outer frame detachably fixed to the light inci- 
dent side of the frame body may be provided, and a 
pressure surface that can press the light incident sur- 
face of the light incident-side transparent plate towards 



the frame body may be provided on the light incident- 
side outer fram . This allows the light incident-side 
transparent plate to be held on the side of the light inci- 
dent surface of the optical modulation element without 
5 using an adhesive. In addition, the transparent plate can 
be easily replaced by only removing the light incident- 
side outer frame from the frame body. 

[0026] When the light incident-side outer frame and 
the light outgoing-side outer frame are formed of the 

10 same shape, engaging pawls extending along the side 
surface of the frame body are formed on the respective 
outer frames, and engaging projections each corre- 
sponding to the engaging pawls are formed on the 
frame body, the positions of the respective engaging 

is projections formed on the frame body may desirably be 
shifted in the direction perpendicular to the thickness 
direction of the frame body. It is difficult to form a frame 
body on which the positions of the respective engaging 
projections match in the thickness direction of the frame 

20 body by upper and lower dies. However, the frame body 
can be easily formed as in a conventional manner by 
using the frame body as described above. In addition, 
since the light incident-side outer frame and the light 
outgoing-side outer frame have the same shape, com- 

25 monality of components can be achieved. 

[0027] The dust-preventing member may preferably 
be formed of resin containing glass fiber. In this case, it 
is possible to restrict linear expansion, to prevent move- 
ment of the optical modulation element, and to maintain 

30 a constant temperature and a uniform in-plane temper- 
ature distribution of the optical modulation element. 
[0028] On the other hand, if the dust-preventing mem- 
ber is made of metal, it is possible to improve the heat 
dissipation effect. In particular, when a polarizer is 

35 bonded to the transparent plate, it is preferable that a 
mounting frame plate be made of metal because heat is 
generated with the absorption of light by the polarizer. 
[0029] In the above-described projection display 
device of the present invention, it is also possible to 

40 bond the polarizer to the transparent plate. This pre- 
vents dust from entering between the polarizer and the 
transparent plate. For this reason, negative effects, 
such as the light flux emitted from the optical modulation 
element being scattered by dust, can be prevented 

45 more effectively. 

[0030] In addition, in the above-described projection 
display device of the present invention, at least one sur- 
face of the transparent plate may preferably be coated 
with a surface-active agent, or treated for electrostatic 

so protection. This makes it possible to prevent dust from 
adhering to the transparent plate. 
[0031] Furthermore, the projection display device of 
the present invention adopts a construction such as a 
projection display device for separating a light flux emit- 

55 ted from a light source into a plurality of color light 
fluxes, modulating respective color light fluxes accord- 
ing to image information through an optical modulation 
element, synthesizing respective color light fluxes mod- 
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ulated by the optical modulation element by a color syn- 
thesizing means, and enlarging and projecting light 
synthesized by the color synthesizing means onto a 
projection surface through projection means, the projec- 
tion display device including: a transparent plate pro- 5 
vided on th side of a light outgoing surface of the 
optical modulation element a dust-preventing member 
for holding the transparent plate and the optical modula- 
tion element and shielding the space between the trans- 
parent plate and the light outgoing surface of the optical 10 
modulation element from the outside, a fixed frame 
plate fixed on the light incident surface of the color syn- 
thesizing means, and an intermediate frame plate 
removably fixed to the fixed frame plate, wherein the 
dust-preventing member is fixed to the intermediate 75 
frame plate. By the projection display device having this 
construction, the heat generated by the polarizer to be 
transmitted to the optical modulation element can be 
further reduced, and bad effects such that the light flux 
emitted from the optical modulation element is scattered 20 
by dust can be avoided. In addition to this, since it is not 
necessary to mount the optical modulation element to 
the color synthesizing means side by directly touching 
the optical modulation element, it is also possible to pre- 
vent the optical modulation element from interfering with 25 
other parts and to prevent it from being broken or 
chipped. 

[0032] In the projection display device of the present 
invention having this construction, it is convenient to 
provide positioning means for positioning the optical 30 
modulation element by defining the mounting position of 
the dust-preventing member because the mounting 
positions of the dust-preventing member and the optical 
modulation element can be defined at the same time by 
this positioning means. 35 
[0033] In the projection display device having this con- 
struction, when the transmissive optical modulation ele- 
ment is used, it is desirable to provide the transparent 
plate not only on the side of the light outgoing surface 
but also on the side of the light incident surface, as men- 40 
tioned above. It is also desirable that the space between 
the transparent plate provided on the light incident sur- 
face side and the light incident surface of the optical 
modulation element is shielded from the outside by the 
dust-preventing member. 45 
[0034] Here, there may be a case where the polarizer 
is fixed to the light incident surface of the color synthe- 
sizing means. In such a case, if the peripheral portion of 
the polarizer is completely superposed on the bonded 
surface of the fixed frame plate, there is a fear that the so 
bonding strength decreases or the polarizer is sepa- 
rated. In order to assuredly avoid such a problem, it may 
be preferable to form the fixed frame plate so that only a 
part of the bonded surface is superposed on the periph- 
eral portion of the polarizer. That is, it may be preferable 55 
that the bonded surface of the fixed frame plate to the 
light incident surface is not completely covered with the 
polarizer. 
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[0035] The surface of the transparent plate may be 
coated with a surface-active agent, or treated for elec- 
trostatic protection. In this case, it is difficult for dust to 
adhere to the surface of the transparent plate, and it is 
possible to prevent dust from adhering effectively. 

[0036] When a polarizer is bonded to the transparent 
plate, since it is possible to prevent dust from entering 
between the optical modulation element and the polar- 
izer, the polarization condition of light is not disturbed by 
dust. In addition, when a black image is displayed, a 
spot on the black image corresponding to the adhering 
dust can be prevented from being displayed as a white 
blank, and display quality can be improved. 
[0037] When the above-described dust-preventing 
member is formed of resin containing glass fiber, it is 
possible to restrict linear expansion, to prevent moving 
of the optical modulation element, and to maintain a 
constant temperature and a uniform in-plane tempera- 
ture distribution of the optical modulation element. 
[0038] On the other hand, if the dust-preventing mem- 
ber is made of metal, it is possible to improve the heat 
dissipation effect. In particular, when a polarizer is 
bonded to the transparent plate, it is preferable that the 
dust-preventing member be made of metal because 
heat is generated with the absorption of light by the 
polarizer. 

Brief Description of the Drawings 
[0039] 

Rg. 1 is a perspective view showing an external 
shape of a projection display device to which the 
present invention is applied. 
Rg. 2 is a schematic plan structural view showing 
the internal construction of the projection display 
device shown in Fig. 1 . 

Rg. 3 is a schematic sectional structural view taken 
along the line A-A of Fig. 2. 
Rg. 4 is a schematic plan structural view showing 
only an optical unit and a projection lens unit. 
Rg. 5 is a schematic structural view showing an 
optical system incorporated into the optical unit. 
Rg. 6 is an enlarged view of the surroundings of a 
liquid crystal modulation element of a projection 
display device according to an embodiment 1 of the 
present invention. 

Rg. 7 is a schematic sectional structural view of a 
dust-preventing member. 

Rg. 8 is a schematic plan structural view of the 
dust-preventing member when viewed from the 
fight incident side. 

Rg. 9 is a schematic plan structural view of the 
dust-preventing member when viewed from the 
light outgoing side. 

Rg. 10(A) is an exploded perspective view showing 
a state in which the dust-preventing member is 
attached to a light incident surface of a color syn- 
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thesizing prism, and Fig. 10(B) is an illustration 
showing a large and small relationship between a 
fixed frame plate and a polarizer. 

Fig. 1 1 is an exploded perspective view of an exam- 
ple of a dust-preventing member different from the s 
dust-preventing member shown in Fig. 7. 
Fig. 12(A) is a schematic sectional structural view 
of the dust-preventing member shown in Fig. 1 1 
when cut along an XZ plane, and Fig. 12(B) is a 
schematic sectional structural view of the dust-pre- 10 
venting member shown in Fig. 1 1 when cut by a YZ 
plane. 

Fig. 13 is an illustration showing a state in which a 
roller moves on a light outgoing surface of a liquid 
crystal modulation element. is 
Fig. 14 is a plan view showing the engagement 
between engaging pawls and engaging projections. 
Fig. 15 is an exploded perspective view showing a 
state in which the dust-preventing member shown 
in Fig. 11 is attached to the color synthesizing 20 
prism. 

Fig. 16 is a schematic structural view of the sur- 
roundings of a liquid crystal modulation element of 
a projection display device according to an embod- 
iment 2 of the present invention. 25 
Fig. 17 is a schematic structural view of an optical 
system incorporated into an optical unit of a con- 
ventional projection display device. 

Best Mode for Carrying Out the Invention 30 

{ Embodiment 1 > 

[0040] An example of a projection display device to 
which the present invention is applied will be described 35 
below with reference to the drawings. The projection 
display device of this embodiment separates a light flux 
emitted from a light source lamp unit into light fluxes of 
three primary colors of red (R), green (G) and blue (B), 
and these color light fluxes are modulated in corre- 40 
spondence to image information through liquid crystal 
modulation elements, and modulated light fluxes of 
respective colors are synthesized and displayed in 
enlargement onto a screen through a projection lens 
unit. 45 

[0041] Fig. 1 shows an external appearance of the 
projection display device of this embodiment. As shown 
in Fig. 1, a projection display device 1 of this embodi- 
ment has an outer casing 2 in the shape of a rectangular 
parallelepiped. The outer casing 2 basically consists of so 
an upper casing 3, a lower casing 4 and a front casing 5 
for defining the front of the device. The leading end of a 
projection lens unit 6 protrudes from the center of the 
front casing 5. 

[0042] Fig. 2 shows the respective arrangement of ss 
components inside the outer casing 2 of the projection 
display device 1 , and Fig. 3 shows a cross section taken 
along the line A - A of Fig. 2. As shown in these draw- 



ings, inside the outer casing 2, a power supply unit 7 is 
arranged on the rear end of the inside of the outer cas- 
ing 2. A light source lamp unit 8 is arranged at position 
adjacent to and offset from the power supply unit 7 
towards the front side of the device. An optical unit 9 is 
arranged in front of the light source lamp unit 8. A base 
end of the projection unit 6 is positioned at the front 
center of the optical unit 9. 

[0043] On the other hand, an interface substrate 1 1 
having an input-output interface circuit mounted thereon 
is arranged on a side of the optical unit 9 so that it 
extends towards the front and rear directions of the 
device, and a video substrate 12 having a video signal 
processing circuit mounted thereon is arranged in paral- 
lel to therewith. Furthermore, a control substrate 13 for 
controlling the drive of the device is arranged above the 
light source lamp unit 8 and the optical unit 9. Speakers 
14R and 14L are arranged at the right and left front cor- 
ners of the device, respectively. 
[0044] A suction fan 1 5A for cooling is arranged on the 
center upper side of the optical unit 9, and a circulating 
Ian 15B for forming a circulating stream for cooling is 
arranged on the center bottom side of the optical unit 9. 
In addition, an exhaust fan 16 is arranged on a side of 
the device, which is the rear side of the light source 
lamp unit 8. Furthermore, an auxiliary cooling fan 1 7 for 
sucking a cooling air stream from the suction fan 15A 
into the power supply unit 7 is arranged at a position in 
the power supply unit 7 opposed to the ends of the sub- 
strates 11 and 12. 

[0045] A floppy-disk drive unit 18 is arranged directly 
above the power supply unit 7 on the left side of the 
device. 

[0046] The light source lamp unit 8 includes a light 
source lamp 80, and a lamp housing 83 containing 
therein the light source lamp 80. The light source lamp 
80 includes a lamp body 81 such as a halogen lamp, a 
xenon lamp, or a metal halide lamp, and a reflector 82 
including a reflecting surface that is parabolic in cross 
section, and it can reflect divergent light from the lamp 
body 81 so that the light emerges towards the optical 
unit 9 almost along an optical axis. 
[0047] Fig. 4 shows only the optical unit 9 and the pro- 
jection lens unit 6. As shown in this drawing, in the opti- 
cal unit 9, optical elements other than a color 
synthesizing prism 910 are vertically sandwiched and 
held between the upper and lower light guides 901 and 
902. The upper light guide 901 and the lower light guide 
902 are fixed by fixing screws on the sides of the upper 
casing 3 and the lower casing 4, respectively. 
[0048] In addition, these upper and lower light guide 
plates 901 and 902 are similarly fixed on the sides of the 
color synthesizing prism 910 by fixing screws. The color 
synthesizing prism 910 is fixed by fixing screws on the 
rear of a thick head plate 903 formed of a die-casting 
plate. The base end of the projection lens unit 6 is simi- 
larly fixed on the front of the head plate 903 by fixing 
screws. 
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[0049] Fig. 5 shows a schematic construction of an 
optical system incorporated into the projection display 
device 1 of this embodiment. The optical system in the 
projection display device 1 of this embodiment adopts a 
light source lamp 80, which is a component of the light 5 
source lamp unit 8, and a uniform illumination optical 
system 923 consisting of integrator lenses 921 and 922 p 
which are uniform illumination optical elements. The 
projection display device 1 includes a color separation 
optical system 924 for separating a light flux W emitted w 
form the uniform illumination optical system 923 into red 
(R), green (G) and blue (B), three sheets of liquid crystal 
modulation elements 925R, 925G and 925B for modu- 
lating the respective color light fluxes R, G and B, the 
color synthesizing prism 910 serving as a color synthe- 75 
sizing optical system for synthesizing the modulated 
color light fluxes, and a light guide system 927 for guid- 
ing the synthesized light fluxes to the liquid crystal mod- 
ulation element 925B corresponding to the blue light 
flux B in the projection lens unit 6 that enlarges and 20 
projects the synthesized color light fluxes onto the sur- 
face of the screen 10. 

[0050] The uniform illumination optical system 923 
includes a reflecting mirror 931 so as to bend an optical 
axis 1a of outgoing light from the uniform illumination 25 
optical system 923 at the right angle towards the front of 
the device. The integrator lenses 921 and 922 are 
arranged in the state of being perpendicular to each 
other with this reflecting mirror 931 sandwiched there- 
between. 30 
[0051] Light emitted from the light source lamp 80 is 
projected as a secondary source image through the 
integrator lens 921 onto the incident surface of each of 
the lenses constituting the integrator lens 922, so that 
an object to be illuminated is irradiated using the outgo- 35 
ing light from the integrator lens 922. 
[0052] The color separation optical system 924 con- 
sists of a blue-green reflecting dichroic mirror 941, a 
green reflecting dichroic mirror 942 and a reflecting mir- 
ror 943. First, the blue light flux B and the green light flux 40 
G contained in the light flux W are reflected at right 
angles by the blue-green reflecting dichroic mirror 941, 
and directed towards the green reflecting dichroic mirror 
942. 

[0053] The red light flux R passes through this mirror 45 
941 , and is reflected at right angles by the rear reflecting 
mirror 943 located behind, and emitted from an outgo- 
ing section 944 for the red light flux R to the side of the 
prism unit 910. Next, only green light flux G of the blue 
and green light fluxes B and G reflected by the mirror so 
941 is reflected at right angles by the green reflecting 
dichroic mirror 942, and is emitted from an outgoing 
section 945 for the green light flux G to the side of the 
color synthesizing optical system. The blue light flux B 
passing through this mirror 942 is emitted from an out- 55 
going section 946 for the blue light flux B to a side of the 
light guide system 927. In this embodiment, all the dis- 
tances between the outgoing section for the light flux W 
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of the uniform illumination optical element and the out- 
going sections 944, 945 and 946 for the color light fluxes 
of the respective color separation optical system 924 
are equally set. 

[0054] Condenser lenses 951 and 952 are arranged 
on the outgoing sides of the outgoing sections 944 and 
945 of the red and green light fluxes R and G in the color 
separation optical system 942, respectively. Therefore, 
the red and green light fluxes R and G emitted from the 
outgoing sections respectively are incident on these 
condenser lenses 951 and 952, where they are colli- 
mated. 

[0055] The thus collimated red and green light fluxes 
R and G are incident on the liquid crystal modulation 
elements 925R and 925G to be modulated, and given 
image information corresponding thereto. That is, these 
light valves are subjected to switching control by non- 
illustrated driving means according to image informa- 
tion, whereby each color light passing therethrough is 
modulated. As such driving means, well-known means 
may be used unchanged. 

[0056] On the other hand, the blue light flux B is 
guided to the corresponding liquid crystal modulation 
element 925B through the light guide system 927, 
where it is similarly modulated according to the image 
information. In the light valves of this embodiment, for 
example, a poly-silicon TFT may be used as a switching 
element. 

[0057] The light guide system 927 consists of a con- 
denser lens 954 arranged on the outgoing side of the 
outgoing section 946 for the blue light flux B, an inci- 
dent-side reflecting mirror 971 , an outgoing-side reflect- 
ing mirror 972, an intermediate lens 973 arranged 
between these reflecting mirrors, and a condenser lens 
953 arranged upstream of the liquid crystal modulation 
element 925B. The blue light flux B of the color light 
fluxes has the longest optical path lengths, that is, the 
distances between a fight source lamp 805 and each of 
the liquid crystal panels, and therefore, the amount of 
light of the blue light flux B to be lost is the largest. How- 
ever, the light loss can be restricted by interposing the 
light guide system 927 therebetween. 
[0058] Next, the respective color light fluxes R, G and 
B modulated passing through the respective liquid crys- 
tal modulation elements 925R, 925G and 925B are inci- 
dent on the color synthesizing prism 910, where they 
are synthesized. A color image synthesized by the color 
synthesizing prism 910 is enlarged and projected 
through the projection lens unit 6 onto the surface of the 
screen 10 located at a predetermined position. 
[0059] Fig. 6 schematically shows a construction of 
the surroundings of the liquid crystal modulation ele- 
ments. 

[0060] As shown in Fig. 6, in this embodiment, trans- 
parent plates 962R, 962G, 962B, 963R, 963G and 963B 
made of plastic or glass are provided between dust-pre- 
venting members 965R, 965G and 965B on the side of 
the light incident surfaces and on the side of the light 
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outgoing surfaces of the liquid crystal modulation ele- 
ments 925R, 925G and 925B, respectively, which are 
plane-opposed to light incident surfaces 91 1R, 91 1G 
and 91 1 B of the color synthesizing prism 910 at a pre- 
determined distance. Spaces between the transparent 5 
plates 962 R, 962G, 962B, 963 R, 963G and 963B and 
the liquid crystal modulation elements 925R, 925G and 
925B are shielded from the outside by the dust-prevent- 
ing members 965R, 965B and 965B. For this reason, 
since dust does not enter between the transparent 10 
plates 962 R, 962G. 962B, 963 R, 963G and 963B and 
the liquid crystal modulation elements 925R, 925G and 
925B, the respective color light fluxes can be prevented 
from being scattered by the dust. In addition, the light 
outgoing surfaces of the liquid crystal modulation ele- 75 
merits 925R, 925G and 925B are coated with light 
antireflection thin films, thereby preventing the afore- 
mentioned malfunction of the liquid crystal modulation 
elements 925R, 925G and 925B due to the return light 
described above. 2 o 
[0061] The incident and outgoing surfaces of the 
transparent plates 963 R, 963G and 963B are also 
coated with light antireflection thin films. 
[0062] Incident-side polarizers 960 R, 960G and 960B 
are arranged at a predetermined distance from the light 25 
incident surfaces of the transparent plates 962R, 962G 
and 962B, and outgoing-side polarizers 961 R, 961 G 
and 961 B are bonded to the light incident surfaces 
91 1 R. 911 G and 911 B of the color synthesizing prism 
910, respectively. 30 
[0063] In the thus constructed projection display 
device, since the incident-side polarizers 960R, 960G 
and 960B and the outgoing-side polarizers 961 R, 961G 
and 961 B are provided apart from the light incident sur- 
faces and light outgoing surfaces of the liquid crystal 35 
modulation elements 925R, 925G and 925B, and the 
transparent plates 962R, 962G and 962B, 963R, 963G 
and 963B and air are provided between the incident- 
side polarizers 960 R, 960G and 960B, the outgoing- 
side polarizers 961 R, 961 G and 961 B and the liquid 40 
crystal modulation elements 925R, 925G and 925B, it is 
possible to prevent heat generated by the incident-side 
polarizers 960R, 960G and 960B and the outgoing-side 
polarizers 961 R, 961 G and 961 B from being transmitted 
to the liquid crystal modulation elements 925R, 925G 45 
and 925B. In addition, since the light outgoing surfaces 
of the liquid crystal modulation elements 925R, 925G 
and 925B are protected by the transparent plates 963R, 
963G and 963B, and the transparent plates 963R, 963G 
and 963B are apart from the light outgoing surfaces of so 
the liquid crystal modulation elements 925R, 925G and 
925B, it is possible to prevent heat generated by the out- 
going-side polarizers 961 R, 961 G and 961 B from being 
transmitted to the liquid crystal modulation elements 
925R, 925G and 925B. This makes it possible to restrict ss 
the increase in temperature of the liquid crystal modula- 
tion elements 925R, 925G and 925B and to prevent the 
deterioration of optical properties thereof. 
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[0064] In addition, since the liquid crystal modulation 
elements 925R, 925G and 925B and the outgoing-side 
polarizers 961 R, 961 G and 961 B are apart from each 
other, the light emitted from the liquid crystal modulation 
elements 925R, 925G and 925B is widely spread, and 
the light can be received by a wide area. For this rea- 
son, it is possible to decrease the heat generated by the 
polarizers 961 R, 961 G and 961 B per unit area, and to 
permit easy heat dissipation. In particular, it is effective 
to arrange a michrolens array, which gathers light onto 
each pixel of the liquid crystal modulation elements, on 
the side of the light incident surfaces of the liquid crystal 
modulation elements 925R, 925G and 925B because 
the light can spread more widely. 

[0065] Furthermore, in the projection display device of 
this embodiment, since the transparent plates 962R, 
962G and 962B are bonded to the side of the light inci- 
dent surfaces of the liquid crystal modulation elements 
925R, 925G and 925B, it is possible to prevent dust 
from adhering to the light incident surfaces of the liquid 
crystal modulation elements 925R, 925G and 925B. 
[0066] Incidentally, the outgoing-side polarizers 961 R, 
961 G and 961 B may surely be bonded to the transpar- 
ent plates 963R, 963G and 963B without being bonded 
to the light incident surfaces 91 1 R, 911G and 91 1 B of 
the color synthesizing prism 910. In this case, it is pos- 
sible to prevent dust from entering between the liquid 
crystal modulation elements 925R, 925G and 925B and 
the polarizers 961 R, 961 G and 961 B, and to thereby 
prevent the polarization condition of light from being dis- 
turbed by dust. In addition, when a black image is dis- 
played, its portion corresponding to the adhering dust 
can be prevented from being displayed as a white blank, 
and the display quality can be improved. 
[0067] In addition, the outgoing-side polarizers 961 R, 
961 G and 961 B may surely be independently arranged 
between the transparent plates 962R, 962G, 962B and 
the color synthesizing prism 910. 
[0068] Further, the surfaces of such transparent plates 
962R, 962G, 962B, 963R, 963G and 963B may be 
coated with a surface-active agent (surfactant), or 
treated for electrostatic protection. This makes it difficult 
for dust to adhere to the surfaces of the transparent 
plates 962R, 962G, 962B, 963R, 963G and 963B, so 
that adhesion of the dust can be prevented more effec- 
tively. 

[0069] Incidentally, the polarizers include two types of 
polarizers, a reflective polarizer and an absorptive 
polarizer. The reflective polarizer transmits one of two 
types of linearly polarized light, and reflects the other 
linearly polarized light. In addition, the absorptive polar- 
izer transmits one of two types of linearly polarized light 
and absorbs the other linearly polarized light The polar- 
izers 960R, 960G, 960B, 961 R, 961 G and 961 B may be 
either reflective or transmissive. 
[0070] The structure of the dust-preventing members 
965R, 965G and 965B will now be described in detail. 
Incidentally, since the respective dust-preventing mem- 
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bers 965R, 965G and 965B have the same construc- 
tion, only the dust-preventing member 965R will be 
described on behalf thereof. In addition, in the following 
explanation, three directions perpendicular to one 
another are referred to as the X-axis direction (lateral 5 
direction), the Y-axis direction (vertical direction) and 
the Z-axis direction (direction parallel to the optical axis) 
for convenience. Fig. 7 shows a schematic sectional 
construction of the dust-preventing member 965R. In 
addition, Fig. 8 shows a schematic plan construction of w 
the dust-preventing member 965R when viewed from 
the side of the light incident surface, and Fig. 9 shows a 
schematic plan construction when viewed from the side 
of the light outgoing surface. 

[0071] As shown in these drawings, the transparent is 
plate 962 R is arranged on the light incident surface of 
the liquid crystal modulation element 925R through a 
spacer 21, and the transparent plate 963 R is arranged 
on the light outgoing surface through a spacer 22. In this 
embodiment, the liquid crystal modulation element so 
925R, and transparent plates 962R and 963R are main- 
tained in such an arrangement by the dust-preventing 
member 965R. 

[0072] The dust-preventing member 965R includes 
first and second outer frames 51 and 52 for clamping 25 
the liquid crystal modulation element 925R and trans- 
parent plates 962R and 963R, and an intermediate 
frame 53 for shielding the space between the light out- 
going surface of the liquid crystal modulation element 
925R and the transparent plate 963R, and the space 30 
between the light incident surface of the liquid crystal 
modulation element 925R and the transparent plate 
962R from the outside. The liquid crystal modulation 
element 925R, transparent plates 962R end 963R are 
held between the first and second outer frames 51 and 35 
52. 

[0073] The first outer frame 51 includes a rectangular 
opening 51a for light transmission, and a peripheral wall 
51b having a uniform thickness on the periphery 
thereof. The second outer frame 52 also includes a rec- 40 
tangular opening 52a for light transmission, and a 
peripheral wall 52b having a uniform thickness on the 
periphery thereof. The vertical (vertical direction Y) 
length of the second outer frame 52 is set longer than 
the transparent plate 963R, and shorter than the first 45 
outer frame 51. 

[0074] The intermediate frame 53 is a rectangular 
frame, and is provided to surround the outer periphery 
of the liquid crystal modulation element 925R, and 
transparent plates 962R and 963R. Engaging projec- so 
tions 53a are formed at respective left and right posi- 
tions on the side surface of this intermediate frame 53. 
In contrast, the engaging holes 51c capable of fitting 
therein these engaging projections 53a are formed on 
the side surface of the first outer frame 51 at positions ss 
corresponding to the engaging projections 53a. Engage 
projections 53b are also formed at respective left and 
right positions on the side surface of this intermediate 



frame 53. In contrast, the engaging holes 52c capable 
of fitting therein these engaging porjections 53b are 
formed on the side surface of the second outer frame at 
positions corresponding to the engaging projections 
53b. 

[0075] Therefore, if the first outer frame 51 is pressed 
into the intermediate frame 53 so that each of the 
engaging projections 53a are inserted into respective 
engaging holes 51c from the outside of the transparent 
plate 962R provided on the side of the light incident sur- 
face of the liquid crystal modulation element 925R, and 
if the second outer frame 52 is pressed into the interme- 
diate frame 53 so that each of the engaging projections 
53b are inserted into each of the engaging holes 52c 
from the outside of the transparent plate 963R provided 
on the side of the light outgoing surface of the liquid 
crystal modulation element 925R, the liquid crystal 
modulation element 925R, the transparent plates 962R 
and 963R are held by the dust-preventing member 
965R. 

[0076] In addition, the space between the light inci- 
dent surface of the liquid crystal modulation element 
925R and the transparent plate 962R, and the space 
between the light outgoing surface of the liquid crystal 
modulation element 925 R and the transparent plate 
963R are shielded from the outside. Incidentally, a flexi- 
ble cable 9253R for wiring extends upward from the 
dust-preventing member 965R. 
[0077] In this case, if the dust-preventing member 
965R is made of resin containing glass fiber, such as 
FRR it is possible to restrict linear expansion, to prevent 
the shift of the dust-preventing member 965R, and to 
maintain a constant temperature and a uniform in-plane 
temperature of the dust-preventing member 965R. 
[0078] On the other hand, if the dust-preventing mem- 
ber is made of metal, it is possible to improve the heat 
dissipation effect. In particular, when light-absorptive 
polarizer is bonded to the transparent plate, the heat 
caused by light being absorbed by the polarizer can be 
efficiently radiated. 

[0079] Fig. 1 0(A) illustrates a state in which the dust- 
preventing member 965R holding the liquid crystal mod- 
ulation element 925R, and the transparent plates 962R 
and 963R is attached to the light incident surface 91 1 R 
of the color synthesizing prism 910. An attachment 
structure for attaching the dust-preventing member 
965R to the light incident surface 91 1 R of the color syn- 
thesizing prism 910 will be described with reference to 
this drawing. 

[0080] As shown in Fig. 10(A), the dust-preventing 
member 965R holding the liquid crystal modulation ele- 
ment 925R and the like is fixed to a fixed frame plate 54 
to be fixedly bonded to the light incident surface 91 1 R of 
the color synthesizing prism 910. Incidentally, a red filter 
23 is bonded to the light incident surface 91 1 R of the 
color synthesizing prism 910 of this embodiment, and 
the polarizer 961 R is fixed to the surface of the red filter 
23. 
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[0081 ] An intermediate frame plate 55 is a rectangular 
frame that is formed in almost the same or a larger size 
of the first out r frame 51 of the dust-preventing mem- 
ber 965R, and includes a rectangular opening 55a for 
light transmission. The intermediate frame plate 55 has 5 
engaging projections 55d that extend perpendicularly 
from the surface of the frame plate at the four corners of 
the rectangular opening 55a thereof. In contrast, the 
dust-preventing member 965R has engaging holes 51d 
formed at positions corresponding to the engaging pro- 10 
jections 55d, into which the engaging projections 55d 
can be inserted. 

[0082] In this embodiment, the engaging holes 51 d 
are formed by through holes that are formed in the first 
outer frame 51 and the intermediate frame 53 of the 75 
dust-preventing member 965R. Therefore, when the 
respective engaging holes of the dust-preventing mem- 
ber 965R and the respective engaging projections of the 
intermediate frame plate 55 are aligned and overlaid 
one on another , the respective engaging projections 20 
55d are inserted in the respective engaging holes 51d, 
whereby a temporarily attached slate is formed. 
[0083] On the other hand, the fixed frame plate 54 is 
also a rectangular frame plate having a rectangular 
opening 54a for light transmission. In addition, the rec- 2$ 
tangular opening 54a formed in the fixed frame plate 54 
is formed smaller than the light incident surface of the 
polarizer 961 R. The fixed frame plate 54 is fixed to the 
red filter 23 provided on the light incident surface 91 1 R 
of the color synthesizing prism 91 0 with an adhesive. 30 
[0084] At this time, if the bonded surface 54e of the 
fixed frame plate 54 is completely covered with the 
polarizer 961 R, there is a fear that the bonding strength 
decreases and the polarizer 961 R is separated. In this 
embodiment, however, as shown in Fig. 1 0(B), since the 35 
bonded surface 54e of the fixed frame plate 54 is not 
completely covered with the polarizer 961 R, there is an 
extremely little possibility of a decrease in bonding 
strength and separation of the polarizer 961 R. 
[0085] Returning to Fig. 10(A), the fixed frame plate 40 
54 has screw holes 54c at both ends of its upper frame 
section and at the widthwise center of its lower frame 
section. The intermediate frame plate 55 also has screw 
holes 55c corresponding to the three screw holes 54c. 
By inserting flat-head screws 56 for fastening into the 45 
corresponding screw holes 54c and 55c, the intermedi- 
ate frame plate 55 is fixed to the fixed frame plate 54. 
Incidentally, in this embodiment, the intermediate frame 
plate 55 is fixed to the fixed frame plate 54 by the three 
screws 56. The number of screws is not limited and may so 
be four or more, and two or less. In general, as the 
number of screws decreases, the number of steps of 
fastening the screws decreases, and manufacturing is 
facilitated. 

[0086] Here, the fixed frame plate 54 has engaging 55 
projections 54b at the right and left corners of its lower 
frame section, and the intermediate frame plate 55 has 
engaging holes 5S> at the right and left corners of its 



lower frame section corresponding to the two engaging 
projections 54b. Therefore, when being fixed with the 
screws 56, the intermediate frame plate 55 can be tem- 
porarily fixed to the fixed frame plate 54 by pressing the 
intermediate frame plate 55 towards the fixed frame 
plate 54 while aligning the engaging holes 55b of the 
intermediate frame plate 55 with the engaging projec- 
tions 54b of the fixed frame plate 54. This makes it pos- 
sible to further improve the positioning accuracy of both 
the frame plates. 

[0087] The projection display device of this embodi- 
ment includes positioning means for positioning the 
dust-preventing member 965R to the intermediate 
frame plate 55 that is fixed to the fixed frame plate 54. 
This positioning means includes two wedges 57. Wedge 
guide surfaces 51 e to 51 g, against which inclined sur- 
faces 57a of the wedges 57 abut, are formed on the ver- 
tical centers of the right and left side surfaces of the 
dust-preventing member 965R. When the dust-prevent- 
ing member 965R is temporarily attached to the inter- 
mediate frame plate 55, wedge insertion grooves are 
formed between the wedge guide surfaces 51 e and the 
frame sections of the intermediate frame plate 55 facing 
the wedge guide surfaces 51 e. 
[0088] Therefore, after the dust-preventing member 
965R has been temporarily attached to the intermediate 
frame plate 55, the two wedges 57 are struck in the right 
and left sides of the dust-preventing member 965R, and 
the amount of the wedges 57 to be pressed in is 
adjusted, whereby the position of the dust-preventing 
member 965R is defined, and the liquid crystal modula- 
tion element 925R held by the dust-preventing member 
965R can be positioned. 

[0089] A description will now be given of a procedure 
of attaching the dust-preventing member 965R to the 
light incident surface 91 1 R of the color synthesizing 
prism 910. First, the dust-preventing member 965R by 
which the liquid crystal modulation element 925R and 
the transparent plates 962R and 963R are held is pre- 
pared. In addition, the color synthesizing prism 910 hav- 
ing the light incident surface 91 1 R to which the polarizer 
961 R is fixed through the red filter 23 is prepared. Next, 
the fixed frame plate 54 is positioned and fixedly bonded 
to the red filter 23 that is fixed to the light incident sur- 
face 91 1 R of the color synthesizing prism 910. An ultra- 
violet-curing adhesive or the like may be used as an 
adhesive. 

[0090] Then, the intermediate frame plate 55 is posi- 
tioned on the surface of the fixed frame plate 54 that is 
fixedly bonded, and the intermediate frame plate 55 is 
fastened by the three flat-head screws 56. Thereafter, 
the dust-preventing member 965R by which the liquid 
crystal modulation element 925R and the like are held is 
positioned on the intermediate frame plate 55, and is 
temporarily attached thereto. That is, the engaging pro- 
jection 55d of the intermediate frame plate 55 is aligned 
with the engaging hole 51 d of the dust-preventing mem- 
ber 965R, and the dust-preventing member 965R is 
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pressed towards the intermediate frame plate 55 in this 
state. Incidentally, if the fixed frame plate 54 and the 
intermediate frame plate 54 are combined in advance 
by screws 56 before fixedly bonding the fixed frame 
plate 54 to the color synthesizing prism 910, the accu- 5 
racy of position can be easily obtained. 
[0091] Thereafter, the liquid crystal modulation ele- 
ment 925R is positioned onto the light incident surface 
91 1R of the color synthesizing prism 910 using the 
wedges 57 as the positioning means. That is, the two 10 
wedges 57 are inserted between the dust-preventing 
member 965R and the intermediate frame plate 55 that 
are temporarily attached, along the wedge guide sur- 
face 51 e formed on the dust-preventing member 965R. 
Then, the alignment and focusing of the liquid crystal 15 
modulation element 925R are adjusted by controlling 
the amount of insertion of the wedges 57. 
[0092] When the positioning is completed, these 
wedges 57 are fixedly bonded with an adhesive to the 
dust-preventing member 965R and the intermediate 20 
frame plate 55 that are the members to be positioned. 
As the adhesive used in this case, an ultraviolet-curing 
adhesive can also be used. 

[0093] The positioning operation and the fixedly bond- 
ing operation of the above wedges 57 will now be 25 
described in more detail following the sequence of 
steps. 

[0094] First, a focal surface of the liquid crystal modu- 
lation element 925R is adjusted into a focal surface of 
the projection lens unit 6 using a specific adjustment 30 
device. In this state, as mentioned above, the ultraviolet- 
curing adhesive is filled into the gap formed when the 
engaging projection 55d of the intermediate frame plate 
55 is inserted into the engaging hole 51 d of the dust- 
preventing member 965R, and cured by radiation of 35 
ultraviolet-ray to effect temporarily fixing. 
[0095] Then, by the intermediate frame plate 55 and 
the wedge guide surfaces 51 e provided on the dust-pre- 
venting member 965R, the ultraviolet-curing adhesive is 
irradiated with ultraviolet-ray from the exposed end sur- 40 
faces of the wedges 57 to effect bonding and actual fix- 
ing. Similarly, focusing and pixel-matching between the 
liquid crystal modulation elements 925R and 925B are 
adjusted with reference to the liquid crystal modulation 
element 925G that is arranged in the center of the liquid 45 
crystal modulation elements 925R, 925G and 925B so 
as to effect the temporarily fixing and the actual fixing. 
[0096] Incidentally, since the temporarily fixing is 
effected by a setting adjustment device with the color 
synthesizing prism 910 and the projection lens 6 so 
attached to the head plate 903, it is possible to adjust 
optimally in accordance with characteristics of individual 
components- In addition, the dust-preventing member 
965R is chucked in the adjustment device with refer- 
ence to the external shape of the first outer frame 51 . 55 
[0097] Since the attachment structure of the dust-pre- 
venting members 965G and 965B holding the liquid 
crystal modulation elements 925G and 925B other than 



the liquid crystal modulation element 925R to the color 
synthesizing prism 910 is the same as that of the dust- 
preventing member 965R, a description thereof will be 
omitted. 

[0098] When the dust-preventing member 965R is 
attached to the color synthesizing prism 910 as 
described above, the following effects can be obtained. 
[0099] Firstly, since the peripheral portion of the liquid 
crystal modulation element 925R is protected by the 
dust-preventing member 965R, it is not necessary to 
directly touch the liquid crystal modulation element 
925R so as to attach it to the color synthesizing prism 
910. Therefore, it is possible to prevent the liquid crystal 
modulation element 925R from abutting against other 
portions and to prevent it from being broken or chipped. 
In addition, since the surroundings of the liquid crystal 
modulation element 925R are covered with the dust- 
preventing member 965R, it is possible to cut off exter- 
nal light, and to prevent the malfunction of the liquid 
crystal modulation 925R due to the external light. 
[0100] Secondly, the dust-preventing member 965R 
holding the liquid crystal modulation element 925R is 
detachably fastened by screws to the light incident sur- 
face 91 1 R of the color synthesizing prism 910 through 
the intermediate frame plate 55. Therefore, for example, 
when the liquid crystal modulation element 925R 
becomes defective, it can be replaced by a simple oper- 
ation of removing the screws 56. In addition, since the 
liquid crystal modulation element 925R is not directly 
fixedly bonded to the color synthesizing prism 910, the 
color synthesizing prism 910 is not damaged at the time 
of the replacement, and expensive components can be 
used most efficiently. 

[0101] Thirdly, the dust-preventing member 965R 
holding the liquid crystal modulation element 925R can 
be temporarily attached to the intermediate frame plate 
55. After forming this temporarily attached state, the liq- 
uid crystal modulation element 925R and the light inci- 
dent surface 91 1R of the color synthesizing prism 910 
can be positioned using the wedges 57. Since the tem- 
porarily attached state can be formed as described 
above, the positioning operation using the wedges 57 
can be easily performed in a separate step, thus con- 
tributing to an improvement of the cycling time of the 
equipment. 

[0102] In general, the wedges 57 made of glass can 
be used. However, when the dust-preventing member 
965R is formed of resin, since it has a high thermal 
expansion coefficient as compared with glass, the 
wedges 57 may tend to be separated from the frame 
plate due to the difference in thermal expansion, and 
may be broken by a change in temperature. In order to 
avoid these matters, it is desirable that the wedges 57 
be formed of resin of the acrylic group or the like. In 
addition, the wedges 57 can be molded by being formed 
of an acrylic material, so that the cost thereof can be 
substantially reduced as compared with a glass mate- 
rial. Incidentally, by using materials that transmit ultravi- 
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olet-ray as the material of the wedges 57, a ultraviolet- 
curing adhesive of little increase in temperature and of 
short curing time can be used as the adhesive for fixedly 
bonding the wedges 57. 

[0103] In addition, the wedge guide surfaces 51 are s 
formed on the dust-preventing member 965R, whereby 
the upper end surfaces 51 f and 51 g are formed on 
upper and lower portions thereof, and the wedges 57 
are guided by these three surfaces. That is, when the 
adhesive is filled into the portions and the wedges 57 10 
are inserted thereinto, the wedges 57 are automatically 
moved to the inside while being guided by these three 
surfaces due to the surface tension of the adhesive. 
Therefore, the wedges 57 become resistant to distur- 
bance encountered in steps, and can be easily is 
attached. 

[0104] While the adhesive is used when the dust-pre- 
venting member 965R is temporarily fixed to the inter- 
mediate frame plate 55, soldering or the like may be 
used instead of the adhesive. When the dust-preventing 20 
member 965R and the like are made of resin, a sub- 
stance having a metallic member bonded to the joint 
thereof, or a substance having a metalized layer formed 
on the joint thereof may be used. 
[0105] The above-described dust-preventing member 2s 
965R, intermediate frame plate 55 and fixed frame plate 
54 can be formed of thermosetting resin into which 
glass fiber or calcium carbonate is mixed. When such a 
resin material is used, the thermal expansion coefficient 
thereof becomes close to that of glass as compared 30 
with a common resin material. For this reason, pixel dis- 
placements and the like due to thermal deformation can 
be avoided in the state where they are bonded to the 
color synthesizing prism 910. 

[0106] While the ultraviolet-curing adhesive can be 35 
used as the adhesive for fixedly bonding the fixed frame 
plate 54 to the color synthesizing prism 910 as 
described above, it may be desirably coated with a 
base-processing material in order to increase bonding 
properties. That is, in the color synthesizing prism 910, 40 
the incident surface 91 1 R of the red light flux faces the 
incident surface 91 1 B of the blue light flux as described 
above. Since the blue light flux has a short wavelength, 
a part thereof may be transmitted through a reflecting 
film of the color synthesizing prism 910 to reach the 45 
opposite incident surface 91 1 R of the red light flux. If 
such backlight is incident on the liquid crystal modula- 
tion element 925R, a malfunction may be caused. In this 
embodiment, since the red filter 23 is provided on the 
incident surface 91 1 R of the red light flux, it is possible so 
to cut off such a backlight, and to thereby prevent the 
malfunction of the liquid crystal modulation element 
925R due to the backlight. 

[0107] The fitter is attached only to the incident sur- 
face 91 1 R of the red light flux because of the largest ss 
influence of the backlight of the blue light flux. This, 
however, does not apply to a case in which the influence 
of the backlight of other light fluxes is large. The filter 



may be provided on another surface, or filters may be 
provided on a plurality of surfaces. 

[0108] However, the presence of such a filter blocks 
ultraviolet ray at the time of fixedly bonding, whereby a 
portion lacking in ultraviolet-ray radiation is generated in 
the ultraviolet-curing adhesive for fixedly bonding the 
fixed frame plate 54 to the incident surfaces 91 1R, 
91 1G and 91 1 B of the color synthesizing prism 910. In 
order to avoid the negative effects so as to assuredly fix- 
edly bond the fixed frame plate 54 to the incident sur- 
face 91 1 R, it is desirable that these bonded surfaces 
are coated with the base-processing material and that 
an anaerobic type adhesive is used together with the 
ultraviolet-curing adhesive. Of course, the incident sur- 
face having no such filter may be treated for a similar 
process. 

[01 09] While the use of the ultraviolet-curing adhesive 
is described above, other adhesive may be used. For 
example, when a hot-melt type adhesive is used to fix- 
edly bond the fixed frame plate 54 and the wedges 57, 
there is no need to consider the above problem arising 
from the filter. 

[01 1 0] In addition, in this embodiment, the fixed frame 
plate 54 and the intermediate frame plate 55 are flat. As 
described with reference to Fig. 3, the fan 15B is 
arranged below the color synthesizing prism 910, and 
cooling air flows from bottom to top. In order to prevent 
this flow from being disturbed, it is desirable to arrange 
straightening vanes above the Ian 15B. Since the fixed 
frame plate 54 and the intermediate frame plate 5 are 
flat, the straightening vanes can be mounted at a posi- 
tion directly below the liquid crystal modulation element 
925R and hence, cooling air can flow effectively from 
bottom to top. Further, since these frame plates have a 
simple shape, parts can be easily utilised, and the accu- 
racy of the parts is thereby improved. 
[01 1 1 ] In addition to this, the two wedges 57 are used 
for positioning, and they are fixedly bonded to the verti- 
cal centers of the right and left sides of the dust-prevent- 
ing member 965R and the intermediate frame plate 55. 
If the wedges 57 are fixedly bonded at inadequate posi- 
tions, there is a fear that excessive stress concentration 
is caused in the components by thermal deformation of 
the dust-preventing member 965R, the intermediate 
frame plate 55, or the wedges 57. In addition, this may 
cause the wedges 57 to separate from the dust-prevent- 
ing member 965R or the intermediate frame plate 55. 
[0112] As described above, however, since the 
wedges 57 are fixedly bonded to the centers of the right 
and left sides, the dust-preventing member 965R and 
the intermediate frame plate 55 are free to thermally 
deform in the vertical direction, centered on the wedges 
57. Therefore, the degree to which the thermal deforma- 
tion of these frame plates is restrained is low, so that 
negative effects, such as undesired stress concentra- 
tion and separation of wedges, can be avoided. 
[0113] Further, as apparent from Fig. 10(A), each of 
the wedges 57 in this embodiment has two blind holes 
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57c formed on its rear surface 57b. These blind holes 
57c, in chucking the wedges 57 with a jig, function as 
engaging portions for chucking. The formation of such 
blind holes 57c permits easy chucking and therefore, 
handling thereof becomes easy. 5 

[0114] In this embodiment, the blind holes 57c for 
engagement in chucking are formed on the rear side of 
the wedges 57. The engaging portions for chucking may 
be formed on other members. For example, engaging 
portions for chucking, such as blind holes, may be w 
formed on the outer surface of the dust-preventing 
member 965R. 

[01 15] A modification of the dust-preventing member 
965R will now be described. Fig. 11 is an exploded per- 
spective view of a modification of the dust-preventing 15 
member 965R. Fig. 12(A) is a schematic sectional 
structural view of a dust-preventing member 1965R 
when cut along an XZ plane, and Fig. 12(B) is a sche- 
matic sectional structural view of the dust-preventing 
member 1965R shown in Fig. 1 1 when cut along a YZ 20 
plane. 

[01 1 6] As shown in these drawings, the dust-prevent- 
ing member 1965R holds the liquid crystal modulation 
element 925R and the transparent plates 962R and 
963R. The dust-preventing member 1 965R has an inter- 25 
mediate frame 30, a second outer frame 31 serving as 
a light outgoing side outer frame that is detachably fixed 
to the light outgoing side of the intermediate frame 30, a 
first outer frame 32 serving as a light incident side outer 
frame that is detachably fixed to the light incident side of 30 
the intermediate frame 30, and a spacer 33 arranged 
between the liquid crystal modulation element 925R 
and the transparent plate 963 R. The liquid crystal mod- 
ulation element 925R and the transparent plate 963R 
are held between the intermediate frame 30 and the 35 
second outer frame 31 , and the transparent plate 962R 
is held between the intermediate frame 30 and the first 
outer frame 32. 

[0117] The liquid crystal modulation element 925R 
has a lower step surface 9254R at its end portion of the 40 
light incident surface. A flexible cable 9253R for wiring 
extends from above the liquid crystal modulation ele- 
ment 925R. 

[0118] The intermediate frame 30 is a rectangular 
frame, and has a lower step surface 303 at its inside 45 
edge portion on the light outgoing surface side of the 
frame portion. The step surface 9254R of the liquid 
crystal modulation element 925R is in contact with a 
surface 302 on the light outgoing side of the frame por- 
tion, and an edge portion of the higher light outgoing so 
surface of the liquid crystal modulation element 925R is 
in contact with the step surface 303 that is formed on 
the intermediate frame 30. That is, contact surfaces 302 
and 303 for the light incident surface that are in contact 
with a part of the light outgoing surface of the liquid ss 
crystal modulation element 925R are formed on the 
light outgoing side of the intermediate frame 30. 
[0119] In addition, a pair of length-side wall portions 



304 extending along the length-side side surfaces of the 
liquid crystal modulation element 925R and a pair of 
width-side wall portions 305 extending along the width- 
side side surfaces of the liquid crystal modulation ele- 
ment 925R are formed on the outer end of the frame 
portion of the intermediate frame 30. The length-side 
wall portions 304 extend to the positions where the 
leading ends thereof are equal to the light outgoing sur- 
face of the liquid crystal modulation element 925R. 
These length-side wall portions 304 are opposed to the 
length-side side surfaces of the liquid crystal modulation 
element 925R at a predetermined distance. 
[0120] The leading ends of the width-side wall por- 
tions 305 extend to the width-side side surfaces of the 
transparent plate 936R across the width-side side sur- 
faces of the liquid crystal modulation element 925R. A 
contact surface 306 for the light valve side surface con- 
tacting the width-side side surface of the liquid crystal 
modulation element 925R, and a contact surface 307 for 
the transparent plate side surface contacting the width- 
side side surfaces of the transparent 963 R are formed 
on the width-side wall portions 305. In this embodiment, 
the contact surface 306 for the light valve side surface 
and the contact surface 307 for use in the transparent 
plate side surface are formed on the same plane. 
[01 21 ] The spacer 33 is a rectangular frame having a 
constant thickness. The lengthwise size of the spacer 
33 is set substantially equal to that of the liquid crystal 
modulation element 925R, and the width-side side sur- 
faces of the spacer 33 are in contact with the contact 
surface 307 for the transparent plate side surface (the 
contact surface 306 for the light valve side surface). Pro- 
jections 331 extending towards the light incident side 
are formed on the length-side frame portions of the 
spacer 33. The projections 331 are inserted between 
the length-side side surfaces of the liquid crystal modu- 
lation element 925R and the length-side wall portions 
304 formed on the intermediate frame 30. 
[0122] In addition, projections 332 extending towards 
the light outgoing side are formed on the length-side 
frame portion of the spacer 33. The transparent plate 
963R is held by the projections 332 from the vertical 
direction (the Y direction). 

[0123] The second outer frame 31 is a rectangular 
frame having the constant thickness thinner than the 
spacer 33. The overall surface of the light incident side 
of the frame portion of the outer frame 31 is a pressure 
surface 31 1 for pressing the light outgoing surface of the 
transparent plate 963R towards the intermediate frame 
30. In addition, the second outer frame 31 has engaging 
pawls 312 formed on four corners thereof that extend 
along the side surfaces of the width-side frame portion 
of the intermediate frame 30. In contrast, the intermedi- 
ate frame 30 has engaging projections 341 formed at 
the positions corresponding to the engaging pawls 312 
that can engage with the engaging pawls 312. 
[0124] A procedure of assembling the liquid crystal 
modulation element 925R, the spacer 33, the transpar- 
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ent plate 963R and the second outer frame 31 onto the 
intermediate frame 30 will now be described. 
[0125] First, the liquid crystal modulation element 
925R is inserted between a pair of width-side wall por- 
tions 305 formed on the intermediate frame 30. At this s 
time, the liquid crystal modulation element 925R is 
inserted so that the edge portion of the light incident 
surface of the liquid crystal modulation element 925R 
abuts against the step surface (light incident-side con- 
tact surface) 303 of the intermediate frame 30. This 10 
allows the liquid crystal modulation element 925R to be 
arranged at a predetermined position on the intermedi- 
ate frame 30 by the contact surfaces 302 and 303 tor 
the light incident surface and the contact surface 306 for 
the light valve side surfaces. In this state, as shown in is 
Fig. 13(A), the width-side wall portions 305 extend 
towards the light outgoing side across the width-side 
side surfaces of the liquid crystal modulation element 
925R. On the other hand, as shown in Fig. 13(B), the 
leading ends of the length-side wall portions 304 and 20 
the light outgoing surface of the liquid crystal modula- 
tion element 925R are positioned on substantially the 
same plane. In this state, the liquid crystal modulation 
element 925R is not completely fixed to the intermedi- 
ate frame 30, and can be easily removed. 25 
[0126] Next, the spacer 33 is superposed on the light 
incident surface of the liquid crystal modulation element 
925R along the width-side wall portions 305 of the inter- 
mediate frame 30. At this time, if the projections 331 
formed on the spacer 33 are to be inserted between the 30 
length-side side surfaces of the liquid crystal modulation 
element 925R and the length-side wall portions 304 of 
the intermediate frame 30, the spacer 33 is arranged at 
a predetermined position on the light outgoing surface 
of the liquid crystal modulation element 925R. 35 
[0127] Then, the transparent plate 963R is super- 
posed on the spacer 33 along the width-side wall por- 
tions 305 of the intermediate frame 30. At this time, if 
the transparent plate 963 R is to be positioned between 
the projections 332 formed on the spacer 33, the trans- 40 
parent plate 963 R is arranged on a predetermined posi- 
tion, so that the alignment of the intermediate frame 30, 
the liquid crystal modulation element 925R, the spacer 
33 and the transparent plate 963R in relation to one 
another is defined. When the transparent plate 963R is 4s 
merely superposed on the spacer 33, they are not com- 
pletely fixed to the intermediate frame 30. and can be 
removed at any time. 

[0128] After that, the second outer frame 31 is 
attached to the intermediate frame 30 in such a manner so 
that the engaging pawls 312 formed on the second 
outer frame 31 engage with the engaging projections 
341 formed on the intermediate frame 30. This allows 
the light outgoing surface of the transparent plate 963R 
to be pressed towards the intermediate frame 30 by the ss 
pressure surface 31 1 of the second outer frame 31, so 
that all of the transparent plate 963R, spacer 33 and liq- 
uid crystal modulation element 925R are pressed from 
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the tight outgoing side onto the intermediate frame 30. 
Consequently, the liquid crystal modulation element 
925R, the spacer 33 and the transparent plate 963R are 
held between the intermediate frame 30 and the second 
outer frame 31, and the alignment relation thereof is 
maintained. 

[0129] The structure of the light incident side of the 
intermediate frame 30 will now be described. The inter- 
mediate frame 30 includes a wail portion 308 extending 
along the side surfaces on the periphery of the transpar- 
ent plate 962 R on the light incident side thereof, and a 
contact surface 309 for the light outgoing surface that is 
in contact with the edge portion of the light outgoing sur- 
face of the transparent plate 962R. A contact surface 
310 for the transparent plate side surface that is in con- 
tact with the side surface of the transparent plate 962R 
is formed on the wall portion 309. 
[01 30] The first outer frame 32 is of an identical shape 
with the outer frame 31 on the light incident side. That 
is, the first outer frame 32 is a rectangular frame having 
a constant thickness thinner than the spacer 33. The 
overall surface on the light outgoing side of the frame 
portion of the first outer frame 32 is a pressure surface 
321 for pressing the light incident surface of the trans- 
parent plate 962R to the intermediate frame 30. In addi- 
tion, the first outer frame 31 has engaging pawls 322 
formed on four corners thereof that extend in the thick- 
ness direction of the width-side frame portion of the 
intermediate frame 30. In contrast, the intermediate 
frame 30 has engaging projections 342 formed at the 
positions corresponding to the engaging pawls 322 that 
can engage with the engaging pawls 322. 
[01 31] Therefore, when the transparent plate 962R is 
fitted to a portion enclosed by the wall portion 308 
formed on the intermediate frame 30, the edge portion 
of the light incident surface of the transparent plate 
962R strikes the contact surface 309 for the light outgo- 
ing surface of the intermediate frame 30. In addition, the 
peripheral side surfaces of the transparent plate 962R 
abut against the contact surface 309 for the transparent 
plate side surface formed on the wall portion 308. This 
allows the transparent plate 962R to be arranged at a 
predetermined position on the intermediate frame 30, 
and a space from the light incident surface of the liquid 
crystal modulation element 925R is maintained. In this 
state, the transparent plate 962R is not completely fixed 
to the intermediate frame 30, and can be easily 
removed. 

[01 32] In this state, when the first outer frame 31 is fit- 
ted to the intermediate frame 30 so that the engaging 
pawls 322 formed on the first outer frame 32 engage 
with the engaging projections 342 formed on the inter- 
mediate frame 30, the transparent plate 962R is 
pressed by the pressure surface 321 of the first outer 
frame 32, and the transparent plate 962 R is held 
between the intermediate frame 30 and the first outer 
frame 32. In addition, the space between the light inci- 
dent surface of the liquid crystal modulation element 
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925R and the transparent plate 962 is shielded from the 
outside by the wall portion 308 formed on the intermedi- 
ate frame 30. 

[0133] When the liquid crystal modulation element 
925R, and the transparent plates 962R and 963R are s 
held by such a dust-preventing member 1965R, opera- 
bility of rework such as replacement of components can 
be improved. That is, if the liquid crystal modulation ele- 
ment 925R and the transparent plates 962R and 963R 
are fixed to the intermediate frame 30 with an adhesion 10 
or the like, a step for cleaning the adhesive adhering to 
the components (the liquid crystal modulation element 
925R and the transparent plates 962R and 963A) is 
required in the case of replacement thereof after sepa- 
rating them from the intermediate frame 30. However, if 75 
the above dust-preventing member 1965R is used, 
components can be easily replaced because the com- 
ponents such as the liquid crystal modulation element 
925R and the like can be easily removed by removing 
the second outer frame 31 and first outer frame 32 at 20 
the time of replacement of components. 
[01 34] In the state where the liquid crystal modulation 
element 925R is arranged on the intermediate frame 30, 
while the leading ends of the length-side wall portions 
304 formed on the intermediate frame 30 and the light 25 
outgoing surface of the liquid crystal modulation ele- 
ment 925R are positioned on substantially the same 
plane, the width-side wall portions 305 extend to the 
light outgoing side across the light outgoing surface of 
the liquid crystal modulation element 925R, as shown in 30 
Figs. 13(A) and (B). Therefore, a roller 40 is put on the 
light outgoing surface of the liquid crystal modulation 
element 925R, and the roller 40 can be moved in one 
direction (the Y direction) by using the transparent 
plate-side contact surfaces 307 formed on the width- 35 
side wall portion 305 as guide surfaces. 
[01 35] An antiref lection film (AR film) may be bonded 
to the light outgoing surface of the liquid crystal modula- 
tion element for the purpose of improving the light utiliz- 
ing use efficiency. In this case, the AR film is placed on 40 
the light outgoing surface of the liquid crystal modula- 
tion element 925R and the roller 40 is moved in one 
direction as described above, whereby the AR film can 
be easily bonded to the fight outgoing surface. In addi- 
tion, since the roller 40 can be moved in one direction, 45 
the roller 40 can be easily moved, and air bubbles gen- 
erated between the light outgoing surface and the AR 
film can be effectively eliminated. 
[0136] Furthermore, when replacing the AR film to 
which dust is adhered, first, the second outer frame 31 so 
is removed from the intermediate frame 30, and the 
transparent plate 963R and the spacer 33 are removed 
from the intermediate frame 30. After that, the AR film to 
which dust is adhered is separated from the light outgo- 
ing surfac of the liquid crystal modulation element ss 
925R and a new AR film is bonded with the above- 
described procedure. After the renewal of the AR film, 
the spacer 33 and the transparent plate 963R are 
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superposed on the liquid crystal modulation element 
925R, and th second outer frame 31 is fixed to the 
intermediate frame 30. This allows a renewal operation 
of the AR film to be completed. By using the intermedi- 
ate frame 30 including the guide surfaces (the contact 
surface for the transparent plate 307, in this embodi- 
ment), the renewal operation of the AR film to the light 
outgoing surface of the liquid crystal modulation ele- 
ment 925 can be also easily performed. 
[01 37] Fig. 1 4 illustrates the engagement between the 
engaging pawls 312 and 322 and the engaging projec- 
tions 341 and 342. As shown in this drawing, the engag- 
ing pawls 312 and 322 formed on the outer frames 31 
and 32 have rectangular openings 313 and 323, respec- 
tively. Engaging projections 341 and 342 corresponding 
to the engaging pawls 312 and 322 are formed so that 
they are engaged with the rectangular openings 313 
and 323 of the engaging pawls 312 and 322, and are 
located at positions shifted in the direction perpendicu- 
lar (the X direction) to the thickness direction (the Z 
direction) of the intermediate frame 30. 
[0138] Since it is difficult to form the intermediate 
frame on which the positions of match in the thickness 
direction of the respective engaging projections 341 and 
342 using upper and lower frames, the engaging projec- 
tions to be formed on the intermediate frame should be 
shifted in the direction perpendicular to the thickness 
direction using the first and second outer frames having 
different shapes. However, if an engagement mecha- 
nism in this embodiment is adopted, the intermediate 
frame can be easily formed and at the same time, com- 
monality of components can be achieved by forming the 
first outer frame 32 and the second outer frame 31 into 
the same shape. 

[01 39] The structure for attaching the dust-preventing 
member 1965R to the light incident surface 91 1 R of the 
color synthesizing prism 910 is the same as that of the 
aforementioned dust-preventing member 965R. That is, 
as shown in Fig. 15, the dust-preventing member 1965R 
is fixed to the fixed frame plate 54 that is fixedly bonded 
to the light incident surface 91 1 R of the color synthesiz- 
ing prism 910. In addition, since the procedures of 
attaching the dust-preventing member 1965R to the 
color synthesizing prism 910 using the intermediate 
frame plate 55 and the fixed frame plate 54, and actions 
and effects thereof are the same as those of the dust- 
preventing member 965R, a description thereof will be 
omitted. 

(Embodiment 2) 

[0140] While the projection display device using a 
transmissive liquid crystal modulation element as the 
liquid crystal modulation element has been described in 
the embodiment 1 , the present invention can be applied 
to a projection display device that uses a reflective liquid 
crystal modulation element as the liquid crystal modula- 
tion element. An example of a projection display device 
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to which a reflective liquid crystal modulation element is 
adopted will be shown below. 

[0141 ] Fig. 1 6 is a schematic structural view of the sur- 
roundings of light valves in the projection display device 
of this embodiment. In Fig. 16, the projection display s 
device includes a blue reflecting dichroic mirror 2941 
and a red reflecting dichroic mirror 2942 that reflect illu- 
mination light emitted from a light source lamp unit 8. A 
blue light flux B contained in a light flux W is reflected at 
right angles by the blue reflecting dichroic mirror 2941 10 
and then, is further reflected at right angles by a reflect- 
ing mirror 2971, and is incident on a first polarization 
beam splitter 2900B provided adjacent to a dichroic 
prism 2910. 

[01 42] This polarization beam splitter 2900B is formed 75 
of a prism having an s-polarized light flux-reflecting 
plane 2901 B that is formed of a polarized light separa- 
tion film for reflecting an s-polarized light flux and trans- 
mitting a p-polarized light flux. The polarization beam 
splitter 2900B bends an s-polarized light component of 20 
the blue light flux into 90° by the s-polarized light flux- 
reflecting plane 2901 B, and allows the s-polarized light 
component to be incident on a light incident and outgo- 
ing surface of a reflective liquid crystal modulation ele- 
ment 2925B that is opposing one side of the 2s 
polarization beam splitter 2900B. 
[0143] Then, only a p-polarized light of the blue light 
flux, which is modulated by the liquid crystal modulation 
element 2925B and transmitted through the s-polarized 
light flux-reflecting plane 2901 B, is emitted from the 30 
same light incident and outgoing surface to the dichroic 
prism 2910. Incidentally, a transparent plate 2963B is 
arranged on the side of the light incident and outgoing 
surface of the liquid crystal modulation element 2925B 
through a dust-preventing member 2965B. 35 
[0144] On the other hand, a red light flux R and a 
green light flux G are first reflected at right angles by the 
red-green reflecting dichroic mirror 2942, and then fur- 
ther reflected at right angles by a reflecting mirror 2972. 
[0145] After being transmitted through a green reflect- 40 
ing dichroic mirror 2941, the red light flux R is incident 
on a second polarization beam splitter 2900R that is 
provided on an opposite side to the first polarization 
beam splitter 2900B across the dichroic prism 2910. 
The second polarization beam splitter 2900 R is formed as 
of a prism having an s-polarized light flux-reflecting 
plane 2901 R that is formed of a polarized light separa- 
tion film for reflecting an s-polarized light flux and trans- 
mitting a p-polarized light flux. 

[0146] The second polarization beam splitter 2900R so 
bends an s-polarized light component of the red light 
flux into 90° by the s-polarized light flux-reflecting plane 
2901 B, and allows the s-polarized light component to be 
incident on a light incident and outgoing surface of a 
reflective liquid crystal modulation element 2925R that 55 
is opposing one side of the polarization beam splitter 
2900R. 

[0147] Then, only p-polarized light of the red light flux, 



which is modulated by the liquid crystal modulation ele- 
ment 2925R and transmitted through the s-polarized 
light flux-reflecting plane 2901 R, is emitted from the 
same light incident and outgoing surface to the dichroic 
prism 2910. Incidentally, a transparent plate 2963R is 
arranged on the light incident side and outgoing surface 
side of the liquid crystal modulation element 2925R 
through a dust-preventing member 2965R. 

[01 48] After being reflected by a green reflecting dich- 
roic mirror 2943, the green light flux G is incident on a 
third polarization beam splitter 2900G that is provided 
on one side of the dichroic prism 2910. The third polari- 
zation beam splitter 2900G is formed of a prism having 
an s-polarized light flux-reflecting plane 2901 G that is 
formed of a polarized light separation film for reflecting 
an s-polarized light flux and transmitting a p-polarized 
light flux. This polarization beam splitter 2900G bends 
an s-polarized light component of the green light flux 
into 90° by the s-polarized light flux-reflecting plane 
2901 G, and allows the s-polarized light component to 
be incident on a light incident and outgoing surface of a 
reflective liquid crystal modulation element 2925G that 
is opposing one side of the polarization beam splitter 
2900G. 

[0149] Then, only p-polarized light of the green light 
flux, which is modulated by the liquid crystal modulation 
element 2925G and transmitted through the s-polarized 
light flux-reflecting plane 2901G, is emitted from the 
same light incident and outgoing surface to the dichroic 
prism 2910. Incidentally, a transparent plate 2963G is 
arranged on the light incident side and outgoing surface 
side of the liquid crystal modulation element 2925G 
through a dust-preventing member 2965G. 
[01 50] As described above, the light fluxes B, R and G 
modulated through the respective liquid crystal modula- 
tion elements 2925B, 2925R and 2925G are incident on 
the dichroic prism 2910, where they are synthesized. 
The synthesized color image is enlarged and projected 
through a projection lens unit 6 onto a screen that is 
placed at a predetermined position. 
[0151] In such a projection display device using the 
reflective liquid crystal modulations 2925R, 2925G and 
2925B, since light outgoing surfaces of the reflective liq- 
uid crystal modulation elements 2925R, 2925G and 
2925B are protected by the transparent plates 2963R, 
2963G and 2963B, the heat generated by the outgoing- 
side polarizers 961 R, 961 G and 961 B can be prevented 
from being transmitted to the liquid crystal modulation 
elements 925R, 925G and 925B. This makes it possible 
to restrict the increase in temperature of the liquid crys- 
tal modulation elements 925R, 925G and 925B and to 
prevent the deterioration of the optical properties 
thereof. 

[01 52] In addition, since the liquid crystal modulation 
elements 925R, 925G and 925B and the outgoing-side 
polarizers 961 R, 961 G and 961 B are apart from each 
other, the light emitted from the liquid crystal modulation 
elements 925R, 925G and 925B widely spread, and the 
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polarizers 961 R, 961 G and 961 B can receive the light in 
a wide area. For this r ason, it is possible to decrease 
the heat generated by the polarizers 961 R, 961 G and 
961 B per unit area, and to permit easy heat dissipation. 
In particular, it is effective to arrange a microlens array, 
which gathers light onto each pixel of the liquid crystal 
modulation element, on the light incident surface of the 
liquid crystal modulation elements 925R, 925G and 
925B because the light can spread more widely. 

[01 53] Furthermore, the surfaces of such transparent 
plates 2963R, 2963G and 2963B may be coated with a 
surface-active agent (surfactant), or treated for electro- 
static protection. Since this makes it difficult for dust to 
adhere to the surfaces of the transparent plates 2963R, 
2963G and 2963B, the adhesion of dust can be pre- 
vented more effectively. 

< Other Embodiments ) 

[0154] While the projection display device having 
three liquid crystal modulation elements for modulating 
three color lights, respectively, is described in the above 
embodiments, a projection display device to which the 
present invention is applied is not limited to the above- 
described device, for example, it may use only a single 
liquid crystal modulation element. In addition, the pro- 
jection display devices are divided into two types, a front 
type that performs projection from the side on which the 
screen is observed, and a rear type that performs pro- 
jection from the side opposite to the screen observing 
side, and the present invention is applicable to either of 
the types. 

Industrial Applicability 

[01 55] The present invention can be utilized as a pro- 
jection display device that optically processes a light flux 
emitted from a light source and enlarges and projects 
an image onto a projection plane, such as a video pro- 
jector having liquid crystal modulation elements. 

Claims 

1. An optical modulation element for modulating a 
light flux emitted from a light source according to 
image information, 

wherein a transparent plate is provided on at 
least one surface thereof, and the space between 
the transparent plate and said optical modulation 
element is shielded from the outside by a dust-pre- 
venting member. 

2. The optical modulation element according to claim 
1, 

wherein said dust-preventing member is 
formed of resin containing glass fiber. 

3. The optical modulation element according to claim 
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wherein said dust-preventing member is 
made of metal. 

5 4. The optical modulation element according to claims 
1 to 3, 

wherein a polarizer is bonded to said trans- 
parent plate. 

10 5. The optical modulation element according to claims 

1 to 3, 

wherein at least one surface of said trans- 
parent plate is coated with a surface-active agent, 
or treated for electrostatic protection. 

75 

6. A projection display device having an optical modu- 
lation element for modulating a light flux emitted 
from a light source according to image information, 
and projection means far enlarging and projecting 

20 the light modulated by said optical modulation ele- 
ment onto a projection plane, 

wherein a transparent plate is provided on 
the side of a light outgoing surface of said optical 
modulation element, and a space between said 

25 transparent plate and the light outgoing surface of 
said optical modulation element is shielded from 
the outside by a dust-preventing member. 

7. TTie projection display device according to claim 6, 
30 wherein said dust-preventing member has a 

frame body far holding said optical modulation ele- 
ment, said transparent plate and said spacer, and a 
light outgoing-side outer frame detachably fixed to 
the light outgoing side of said frame body, 

35 

said frame body includes a contact surface for 
the light incident surface contacting a part of 
the light incident surface of said optical modu- 
lation element, a contact surface far the optical 

40 modulation element side surface contacting the 

side surface of said optical modulation element 
and a contact surface for the transparent plate 
side surface contacting the side surface of said 
transparent plate, and 

45 said light outgoing-side outer frame includes a 

pressure surface that can press a part of the 
light outgoing surface of said transparent plate 
towards said frame body. 

so 8. The projection display device according to claim 7, 

wherein said frame body has a guide surface 
formed thereon for putting a roller on the light out- 
going surface of said optical modulation element 
and moving said roller in one direction. 

55 

9. The projection display device according to any one 
of claims 6 to 8, 

wherein an antiretlection film is provided on 
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the surface of said transparent plate. 

10. The projection display device according to any one 
of claims 6 to 9, 

wherein said optical modulation element is 
the transmissive optical modulation element, and a 
light incident-side transparent plate is provided on 
the side of the light incident surface of said trans- 
missive optical modulation element. 

1 1 . The projection display device according to claim 10, 

wherein a space between said light incident- 
side transparent plate and the light incident surface 
of said transmissive optical modulation element is 
cut off from the outside by said dust-preventing 
member. 

1 2. The projection display device according to claim 1 1 , 
including a light incident-side outer frame to be 
detachably fixed to the light incident side of said 
frame body, 

wherein said light incident-side outer frame 
includes a pressure surface that can press a part of 
the light incident surface of said light incident-side 
transparent plate towards said frame body, and 

said frame body includes a contact surface for 
the light incident surface contacting a part of 
the light outgoing surface of said light incident- 
side transparent plate, and a contact surface 
for the transparent plate contacting the side 
surface of said light incident-side transparent 
plate. 

1 3. The projection display device according to claim 1 2, 

wherein said light incident-side outer frame 
and said light outgoing-side outer frame are formed 
into the same shape and include engaging pawls 
extending along side surface of said frame body, 
said frame body includes engaging projections cor- 
responding to said engaging pawls, respectively, 
and the respective engaging projections are formed 
at the positions shifted in a direction perpendicular 
to the thickness direction of said frame body. 

14. The optical modulation element according to claim 
6, 

wherein said dust-preventing member is 
formed of resin containing glass f toer. 

15. The optical modulation element according to claim 
6, 

wherein said dust-preventing member is 
made of metal. 

1 6. The optical modulation element according to claims 
6 to 13, 

wherein a polarizer is bonded to said trans- 
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parent plate. 

17. The optical modulation element according to claims 
6 to 13, 

wherein at least one surface of said trans- 
parent plate is coated with a surface-active agent, 
or treated for electrostatic protection. 

1 8. A projection display device for separating a light flux 
emitted from a light source into a plurality of color 
light fluxes, modulating the color light fluxes accord- 
ing to image information through an optical modula- 
tion element, synthesizing the color light fluxes 
modulated by said optical modulation element by 
color synthesizing means, and enlarging and pro- 
jecting light synthesized by said color synthesizing 
means onto a projection surface through projection 
means, said projection display device including: 

a transparent plate provided on the side of a 
light outgoing surface of said optical modula- 
tion element, 

a dust-preventing member for holding said 
transparent plate and said optical modulation 
element, and shielding the space between said 
transparent plate and the light outgoing surface 
of said optical modulation element from the 
outside, 

a fixed frame plate fixed on the light incident 
surface of said color synthesizing means, and 
an intermediate frame plate removably fixed to 
said fixed frame plate, 

wherein said dust-preventing member is 
fixed to said intermediate frame plate. 

19. The projection display device according to claim 18 
including positioning means for positioning said 
optical modulation element by defining the mount- 
ing position of said dust-preventing member. 

20. The projection display device according to claim 1 8, 

wherein said optical modulation element is 
the transmissive optical modulation element, said 
transparent plate is also provided on the side of the 
light incident surface of said transmissive optical 
modulation element, said transparent plate is also 
held by said dust-preventing member, and the 
space between said transparent plate and the light 
incident surface of said transparent plate optical 
modulation element is shielded from the outside by 
said dust-preventing member. 

21. The projection display device according to claims 
18 to 20, 

wherein a polarizer is provided on said light 
incident surface of said color synthesizing means, 
and the bonded surface of said fixed frame plate to 
said light incident surface is not completely covered 
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22. The projection display device according to claims 
18to21, 

wherein at least one surface of said trans- s 
parent plate is coated with a surface-active agent, 
or treated for electrostatic protection. 

23. The projection display device according to claims 

18 to 21, 10 

wherein a polarizer is bonded to said trans- 
parent plate. 

24. The projection display device according to claims 

18 to 23, 75 

wherein said dust-preventing member is 
formed of resin containing glass fiber. 

25. The projection display device according to claims 

18 to 23, 20 

wherein said dust-preventing member is 
made of metal. 
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FIG- 4 




22 



EP 0 916 988 A1 



o 



CM 



CO OLOOr- 
lO COCMx- CD 
CD 0)005 O) 




OCQC DC 
t- to O t- 
. CD 04 CO to ^J" 

-^]!cn cn 0)0)0 




23 



EP 0 916 988 A1 



FIG. 6 



(A) 



960B 



965B 



SYNTHESIZED 
LIGHT FLUX 





965R 



960R 



(B) 



962R.G.B 



R.G.B 




960R.G.B 



963R.G.B 
961R.G.B 

911R,G,B 



f 




•925R.G.B 
965R,G,B 



24 



EP0 916 988A1 




25 



• » 

EP 0916 988 A1 





26 



k ■ 

EP 0916 988 A1 



Y 
1 



FIG. 9 Z©-^X 




27 



EP 0 916 988 A1 



DC 




28 



EP 0 916 988 A1 




29 



EP 0916 988 A1 



FIG. 12 



(A) 



Z 
i 




r 



311 



r 



963R 



Y 




306 
9254R 



925R 



7 



962R 



7 




305 



v|or 1965R 

32 J 



(B) 



332 




40 



Y 



304 




9253R 
309 




Z 
i 

<•> 



1965R 



30 



EP 0916 988 A1 



FIG. 13 



(A) 



Z 
i 




40 



— 0 



307 




ifrx/A/ //>////{//////////<// //////// 



302^303 y 925R 



j 



962R 



J 



32 
308 



305 




Y 



(B) 



9253R 




31 



EP 0 916 988 A1 




32 



EP 0 916 988 A1 



FIG. 16 




2943 



S- AND P -POLARIZED LIGHT-G 
P-POLARIZED LIGHT-G 

S- AND P- POLARIZED LIGHT-B 
2970B 

^ ^\ 2925B 



2970R 

2925R S- AND P-POLARIZED 
LIGHT-R 



S- POLARIZED LIGHT- B 



P-POLARIZED LIGHT-B 



P-POLARIZED LIGHT-G 



34 



EP 0916 988 A1 



FIG. 17 



(A) 




'*924 



(B) 



(C) 



B 



c 



961 B 

925G 
960G 



G 
961G 



960B 
925B 





910 



925R.G.B 
n 



^ PROJECTION R,G,B 
*" LENS UNIT 6 



960R,G,B 




961R.G.B 



P 



/ 




925R 




R 



R 

^960R 



AIR FLOW 



35 



EP 0 916 988 A1 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/JP98/02201 



A. CLj\SSIFICATION OF SUBJECT MATTER 

Int. CI 6 G02F1/1333, G02F1/1335, G03B21/00, G09F9/00 



According to International Patent Classification (IPC) or to both national classification and IPC 
S. FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 
Int. CI 6 G02F1/1333, G02F1/1335, G09F9/00 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 
Jitsuyo Shinan Koho 1922-1996 ToroJcu Jitsuyo Shinan Koho 1994-1998 

Kdkai Jitsuyo Shinan Koho 1971-1998 Jitsuyo Shinan Toroku Koho 1996-1998 

Electronic data base consulted during the international search (name of data base and. where practicable, search terms used) 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



X 

y 



JP, 8-262432, A 



October 11, 1996 (11. 10, 96), 
Claims ; Par. No 
& EP, A, 367616 



( Sony Corp. ) , 
11. 10 
[0025] 



JP, 7-26223, A (Dainippon Printing Co., Ltd.), 
January 27, 1995 (27. 01. 95), 
Claims (Family: none) 



1, 4, 6, 
16 
5, 9-1 
1, 17 
5, 9-1 
1, 17 



[ [ Further documents are listed in the continuation of Box C Q Sec patent family annex. 



* Special categories of cited documents: 

"A" document defining the general state of the art which is not 

considered to be of particular relevance 
"E* earlier document but published on or after the international filing date 
"L* document which may throw doubts on priority claimfs) or which is 

cited to establish the publication date of another citation or other 

special reason (as spectfied) 
"O* document referring to an oral disclosure, use, exhibtttoii or other 

means 

" F* document published prior lo the international filing date bui later than 
the priority date claimed 



T later document published after the international filing date or priority 

date and not in conflict with the application but cited lo understand 

the principle or theory underlying the invention 
"X" document of particular relevance: the claimed invention cannot be 

considered novel or cannot be considered lo involve. an inventive step 

when the document is taken alone 
"Y" document of particular relevance; the claimed invention cannot be 

considered lo involve an inventive step when the document is 

combined with one or more other such documents, such combination 

being obvious to a person skilled in the art 
"A" document member of the same patent family 



Date of the actual completion of the international search 
July 28, 1998 (28. 07. 98) 


Date of mailing of the international search report 

August 18, 1998 (18. 08. 98) 


Name and mailing address of the ISA/ 

Japanese Patent Office 

Facsimile No. 


Authorized officer 
Telephone No. 



Form P<T/ISA/210 (second sheet) (July I«W2) 



36 



